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Wklv sdshu lqyhvwljdwhv wkh shuirupdqfhv nhuqho0edvhg zlwk dqg zlwkrxw suhzklwhqlqj dqg
wkh sdudphwulf khwhurvnhgdvwlflw| dqg dxwrfruuhodwlrq frqvlvwhqw +KDF, fryduldqfh pdwulfhv
lq sdqho gdwd prghov1 D Prqwh Fduor vwxg| lv frqgxfwhg wr hydoxdwh hhfwv ri nhuqho fkrlfh/
gdwd0edvhg edqgzlgwk vhohfwlrq/ dqg suhzklwhqlqj rq wkh KDF fryduldqfh pdwulfv lq qlwh
vdpsohv iru sdqho gdwd prghov1
Nh| Zrugv= KDF fryduldqfh pdwul{/ Nhuqho hvwlpdwlrq/ Sdqho gdwd prgho41 LQWURGXFWLRQ
Wklv sdshu lv wkh uvw vwhs lq xqghuvwdqglqj krz wr frqvwuxfw wkh khwhurvnhgdvwlflw|
dqg dxwrfruuhodwlrq frqvlvwhqw +KDF, fryduldqfh pdwulfhv lq sdqho gdwd prghov1 Dq lp0
sruwdqw ghyhorsphqw lq sdqho gdwd prghov kdv ehhq wkh prghoolqj ri vhuldo fruuhodwlrq1 Wr
dffrxqw iru vhuldo fruuhodwlrq/ uhvhdufkhuv riwhq dvvxph d sduwlfxodu irup iru vhuldo fruuhod0
wlrq lq wkh prgho/ h1j1/ Kdxvh +4<::/ 4<;3,/ Oloodug dqg Zloolv +4<:;,/ Dqghuvrq dqg Kvldr
+4<;5,/ Ehuu| hw do1 +4<;;,/ Edowdjl dqg Ol +4<<4,/ Nhdqh dqg Uxqnoh +4<<;,/ Ohylww +4<<;,/
Nduovvrq dqg Vnrjoxqg +5333,/ Sdun dqg Vlfnohv +5333,/ dqg Eoxqghoo dqg Erqg +4<<<,1 Doo
wkhvh sdshuv dvvxphg d nqrzq irup +h1j1/ DU+4, ru PD+4,, iru vhuldo fruuhodwlrq wr rewdlq
frqvlvwhqw hvwlpdwruv dqg uhodwhg fryduldqfh pdwul{ hvwlpdwruv1 Kdxvh +4<::/ 4<;3,/ Oloodug
dqg Zloolv +4<:;,/ dqg Edowdjl dqg Ol +4<<4, xvhg wkh jhqhudol}hg ohdvw vtxduhv hvwlpdwru
+JOV,/ zkhuhdv Dqghuvrq dqg Kvldr +4<;5, frqvlghuhg d pd{lpxp olnholkrrg hvwlpdwlrq
+POH, zlwk qrupdolw|1 Nduovvrq dqg Vnrjoxqg +5333, dqg Vnrjoxqg dqg Nduovvrq +5334d,
frqvlghuhg wkh POH lq d wzr0zd| huuru frpsrqhqw prgho zkhq wkh wlph0vshflf frpsrqhqw
iroorzv dq DU+4, ru PD+4, surfhvv1 Vnrjoxqg dqg Nduovvrq +5334e, lqwurgxfhg wkh vhuldo
fruuhodwlrq ri jhqhudo irup lq wkh wlph hhfwv dv zhoo dv wkh huuru whupv1 Wkh| sursrvhg d
pd{lpxp olnholkrrg hvwlpdwru dqg glvfxvvhg d prgho vhohfwlrq surfhgxuh iru ghwhuplqlqj
wkh rughuv ri vhuldo fruuhodwlrq dqg wkh lpsruwdqfh ri wlph dqg lqglylgxdo hhfwv1
Wkhvhv hvwlpdwruv duh frqvlvwhqw dqg h!flhqw zkhq wkh dvvxphg irup ri vhuldo fruuhodwlrq
lv fruuhfw/ dqg wkh uhodwhg fryduldqfh pdwul{ hvwlpdwruv duh h{shfwhg wr shuirup zhoo lq qlwh
vdpsohv1 Krzhyhu/ lq sudfwlfh/ qr sulru lqirupdwlrq derxw vhuldo fruuhodwlrq lv dydlodeoh1 Lq
sduwlfxodu/ wkh dvvxpswlrq ri d frpprq vwuxfwxuh ri vhuldo fruuhodwlrq iru doo lqglylgxdov duh
ryhuo| vwurqj dqg duh olnho| qrw wr krog lq sudfwlfh1 Lw lv d uxoh udwkhu wkdq dq h{fhswlrq wkdw
ghjuhhv ri vhuldo fruuhodwlrq zloo ydu| dfurvv lqglylgxdov1 Dq| plvvshflfdwlrq ri vhuldo fru0
uhodwlrq pd| ohdg wr plvohdglqj frqfoxvlrqv lq hvwlpdwlrq/ lqihuhqfh dqg k|srwkhvlv whvwlqj1
Wklv lv vr hyhq zkhq hvwlpdwruv uhpdlq frqvlvwhqw +h1j1/ wkh ROV iru wkh vwdwlf sdqho prghov,/
ehfdxvh lq jhqhudo wkh fryduldqfh hvwlpdwruv wkdw lqfrusrudwh wkh dvvxphg vhuldo fruuhodwlrq
zloo eh qrw frqvlvwhqw1 Lw lv lpsruwdqw wr ghyhors surfhgxuhv wkdw duh urexvw wr vhuldo fru0
uhodwlrq ri xqnqrzq irup1 Wklv sdshu frqvlghuv d jhqhudo sdqho prgho iru wkh huuru whupv
wkdw pd| kdyh khwhurjhqhlw| dqg vhuldo ghshqghqfh ri xqnqrzq irup1 Pruh lpsruwdqwo|/ zh
sursrvh d fodvv ri KDF hvwlpdwlrq ri fryduldqfh pdwulfhv xvhg lq sdqho gdwd1
KDF hvwlpdwruv duh qrw dv riwhq xvhg lq sdqho prghov dv lq wlph vhulhv/ exw dwwhqwlrq
wr wklv lpsruwdqw lvvxh kdv ehhq lqfuhdvhg ryhu wkh odvw ihz |hduv1 Ryhu wkh orqj wlph lq
4wkh sdqho olwhudwxuh/ ydulrxv vwurqj dvvxpswlrqv lpsrvhg uhqghu lw xqqhfhvvdu| wr hvwlpdwh
KDF hvwlpdwruv1 Lq wkh uhodwhg olwhudwxuh/ Nlhihu +4<;3,/ dqg Duhoodqr +4<;:, duh qrw gluhfwo|
frqfhuqhg zlwk wkh KDF exw gr wrxfk rq d qxpehu ri uhodwhg lvvxhv rq fryduldqfh hvwlpdwlrq1
Nlhihu +4<;3, sursrvhg d zlwklq0JOV hvwlpdwru zlwk duelwudu| lqwhuwhpsrudo fryduldqfh/
zkhuhdv Duhoodqr +4<;:, vxjjhvwhg d vlpsoh phwkrg iru rewdlqlqj urexvw hvwlpdwhv ri wkh
vwdqgdug huuruv wkdw doorz d jhqhudo fryduldqfh pdwul{1 Lq d g|qdplf sdqho prgho zlwk
vpdoo wlph glphqvlrq/ W/ dqg odujh furvv0vhfwlrqdo glphqvlrq/ q/ Duhoodqr dqg Erqg +4<<4/
s1 5:<, sursrvhg d khwhurvnhgdvflw| frqvlvwhqw fryduldqfh pdwul{ zklfk lv urexvw wr jhqhudo
khwhurvnhgdvwlflw| ryhu lqglylgxdov dqg ryhu wlph exw lv qrw urexvw wr vhuldo fruuhodwlrq1 Vxfk
hvwlpdwruv zloo qrw eh ydolg zkhq wkhuh h{lvwv vhuldo fruuhodwlrq ri xqnqrzq irup1 Nh}gl
+5334, h{dplqhg wkh zlwklq hvwlpdwru zlwk vkruw wlph vhulhv1 Nh}gl vkrzhg vhuldo fruuhodwlrq
lq wkh huuru whupv dqg uhjuhvvruv zloo lqgxfh vhyhuh eldv lq wkh frqyhqwlrqdo vwdqgdug huuru
hvwlpdwhv lq sdqho gdwd prghov1
Uhfhqwo|/ KDF hvwlpdwruv kdyh ehhq xvhg lq qrqvwdwlrqdu| sdqhov/ h1j1/ Ndr +4<<<,/ Ndr
dqg Fkldqj +5333,/ dqg Skloolsv dqg Prrq +4<<<,1 Wkhvh dxwkruv xvh wkh nhuqho hvwlpdwruv
ghyhorshg iru wlph vhulhv prghov1 Riwhq/ d gdwd0gulyhq edqgzlgwk lv ghwhuplqhg dv d ixqfwlrq
ri W rqo|1 Dv zloo eh vhhq ehorz/ vxfk d surfhgxuh/ dowkrxjk rswlpdo iru wlph vhulhv prghov/ lv
qrw rswlpdo lq wkh sdqho frqwh{w1 Lq sduwlfxodu/ lw ryhuvprrwkhv wkh KDF hvwlpdwru ehfdxvh
lw grhv qrw wdnh lqwr dffrxqw wkh dgglwlrqdo vprrwklqj surylghg e| q1 Wklv lv dq xqghvludeoh
ihdwxuh ehfdxvh lw lv zhoo0nqrzq wkdw nhuqhov riwhq whqg wr xqghuhvwlpdwh wkh fryduldqfh
pdwul{hv dqg xqghuvprrwklqj zloo ohdg wr ixuwkhu grzqzdug eldv1 Rxu surfhgxuh zloo wdnh
wklv lqwr dffrxqw dqg wkh uhvxowv duh rswlpdo iru sdqho prghov1
Lq idfw/ KDF hvwlpdwruv duh htxdoo| lpsruwdqw lq sdqho prghov dv lq wlph vhulhv prghov1
Iru h{dpsoh/ lq vwdwlf sdqho prghov/ wkh zlwklq hvwlpdwru lv vwloo frqvlvwhqw zkhq wkhuh
h{lvwv vhuldo fruuhodwlrq ri xqnqrzq irup/ exw wkh vwdqgdug fryduldqfh pdwul{ hvwlpdwruv
wkdw dvvxph qr vhuldo fruuhodwlrq zloo eh lqydolg1 Lq wklv fdvh/ wkh xvh ri frqyhqwlrqdo w0whvwv
dqg I0whvwv zloo ohdg wr plvohdglqj frqfoxvlrqv/ h1j1/ Ekdujdyd hw do1 +4<;5/ s1878,1
Hvwlpdwlrq ri KDF fryduldqfh pdwulfhv lv d orqj0vwdqglqj sureohp lq wlph vhulhv hfrqr0
phwulfv/ h1j1/ Qhzh| dqg Zhvw +4<;:/ 4<<7,/ Dqguhzv +4<<4,/ Dqguhzv dqg Prqdkdq +4<<5,/
ghq Kdqq dqg Ohylq +4<<;,/ dqg Krqj dqg Ohh +5333,1 Ohdglqj h{dpsohv lq sdqho frqwh{wv
wkdw pd| uhtxluh xvlqj KDF hvwlpdwruv duh hvwlpdwlrq ri dv|pswrwlf fryduldqfh pdwulfhv ri
ohdvw vtxduh hvwlpdwruv lq olqhdu/ qrqolqhdu dqg xqlw urrw2frlqwhjudwlrq uhjuhvvlrq prghov/ ri
wzr0vwdjh ohdvw vtxduhv/ wkuhh0vwdjh ohdvw vtxduhv/ txdvl0pd{lpxp olnholkrrg dqg jhqhudol}hg
phwkrg ri prphqw +JPP, hvwlpdwruv1 Vxfk fryduldqfh pdwul{ hvwlpdwlrq lv lpsruwdqw iru
frqghqfh lqwhuydo hvwlpdwlrq/ lqihuhqfh dqg k|srwkhvlv whvwlqj lq g|qdplf frqwh{wv1 Wr
5uhsuhvhqw d fryduldqfh pdwul{ e| d vshfwudo ghqvlw| pdwul{ dw iuhtxhqf| 3 dqg wr hvwlpdwh lw
e| qrqsdudphwulf nhuqho phwkrgv zdv vxjjhvwhg e| Euloolqjhu +4<:8/ s14;7> 4<:<,/ Kdqvhq
+4<;5/ s1437:, dqg Skloolsv dqg Rxoldulv +4<;;,/ dprqj rwkhuv1 Ydulrxv nhuqho0edvhg frydul0
dqfh hvwlpdwruv kdyh ehhq sursrvhg1 Wkhvh lqfoxgh Grprzlw} dqg Zklwh +4<;5,/ Ohylqh
+4<;6,/ Zklwh +4<;7,/ Zklwh dqg Grprzlw} +4<;7,/ Qhzh| dqg Zhvw +4<;:/ 4<<7,/ Jdoodqw
+4<;:,/ Jdoodqw dqg Zklwh +4<;;,/ Nrro +4<;;,/ Dqguhzv +4<<4,/ Dqguhzv dqg Prqdkdq
+4<<5,/ Kdqvhq +4<<5,/ Gh Mrqj dqg Gdylgvrq +4<<<,/ dqg [ldr dqg Olqwrq +5333,1 Dqguhzv
+4<<4, dqg Qhzh| dqg Zhvw +4<<7, sursrvh vrph gdwd0gulyhq edqgzlgwk fkrlfhv vxlwdeoh iru
fryduldqfh pdwul{ hvwlpdwlrq/ pdnlqj wkh nhuqho phwkrgv rshudwlrqdo lq sudfwlfh1 Dqguhzv
+4<<4, ghulyhv wkh rswlpdo nhuqhowkh Txdgudwlf0Vshfwudo +TV, nhuqho ryhu d fodvv ri nhuqhov
wkdw jhqhudwh srvlwlyh vhpl0ghqlwh fryduldqfh hvwlpdwruv1 ghq Kddq dqg Ohylq +4<<;/ 5333,
dovr sursrvh dq dxwruhjuhvvlrq0edvhg fryduldqfh hvwlpdwru1
Wkh exon ri wkh sureohp lv wkh gl!fxow| lq hvwlpdwlqj d vshfwudo ghqvlw| pdwul{ dw
iuhtxhqf| 3 zkhq lw kdv d shdn wkhuh/ zklfk fdq dulvh gxh wr vwurqj ghshqghqfh1 Lw lv
zhoo0nqrzq wkdw srvlwlyh dxwrfruuhodwlrq lv dsw wr hqwdlo d prgh lq wkh vshfwudo ghqvlw| dw
iuhtxhqf| 3/ dqg vwurqj dxwrfruuhodwlrq |lhogv d shdn dw iuhtxhqf| 31 Nhuqho hvwlpdwruv
riwhq whqg wr xqghuhvwlpdwh wkh shdn/ ohdglqj wr ryhuo| qduurz frqghqfh lqwhuydov dqg
olehudo whvwv1 Lq idfw/ Sulhvwoh| +4<;4/ ss187:0889, vkrzv wkdw wkh prghv ri wkh vshfwudo
ghqvlwlhv ri vrph orz rughu DU dqg DUPD surfhvvhv/ zkrvh dxwrfruuhodwlrqv ghfd| wr 3
dw dq h{srqhqwldo udwh/ duh vwloo xqghuhvwlpdwhg hyhq li vrph xqghuvprrwklqj edqgzlgwkv
duh xvhg1 Vshfwudo shdnv riwhq dulvh lq hfrqrplf wlph vhulhv/ gxh wr vhdvrqdolwlhv/ exvlqhvv
f|foh shulrglflwlhv dqg vwurqj ghshqghqfh1 Frfkudqh +4<;;,/ iru h{dpsoh/ dujxhv wkdw iru
hfrqrplf gdwd/ orz rughu DUPD surfhgxuhv whqg wr |lhog srru hvwlpdwhv ri lqqlwh vxpv
ri dxwrfruuhodwlrqv +l1h1/ wkh orqj0uxq yduldqfh,/ ehfdxvh wkh dxwrfruuhodwlrq ixqfwlrq riwhq
lv srvlwlyh dqg ghfd|v vorzo|1 Judqjhu +4<9<, srlqwv rxw wkdw wkh w|slfdo vshfwudo vkdsh ri
pdq| hfrqrplf wlph vhulhv lv wkdw lw kdv d vkdus shdn dw iuhtxhqf| 3 dqg ghfd|v wr 3 dv
iuhtxhqf| lqfuhdvhv1 Iru vxfk wlph vhulhv/ nhuqho phwkrgv pd| qrw zrun zhoo1
Ehfdxvh ri wkh xqvdwlvidfwru| qlwh vdpsoh shuirupdqfhv ri wkh nhuqho0edvhg fryduldqfh
hvwlpdwruv/ lw kdv ehhq hpskdvl}hg lq wkh olwhudwxuh +h1j1/ Qhzh| dqg Zhvw 4<<7/ s1965, wkdw
h{whqvlrqv ru uhqhphqwv wr wkh h{lvwlqj nhuqho phwkrgv vkrxog eh d sulrulw| iru ixuwkhu zrun1
Pruh uholdeoh vdpsolqj glvwulexwlrq wkhru| dqg ehwwhu fryduldqfh hvwlpdwruv duh uhtxluhg iru
wkh vwdwlvwlfv xvhg lq hfrqrplf dqg qdqfldo wlph vhulhv dqdo|vlv1 Wr rxu nqrzohgjh/ krzhyhu/
ihz surjuhvv kdv ehhq pdgh vr idu1 Wkh prvw qrwlfhdeoh surjuhvv lv Dqguhzv dqg Prqdkdq*v
+4<<5, suhzklwhqlqj surfhgxuh1 Suhzklwhqlqj lv d whfkqltxh dlphg wr lpsuryh wkh dffxudf|
ri vshfwudo ghqvlw| hvwlpdwruv e| pdnlqj fhuwdlq wudqvirupdwlrqv wr wkh gdwd ehiruh dsso|lqj
6vshfwudo hvwlpdwlrq surfhgxuhv1 Wkh lghd lv wr  dwwhq wkh vshfwudo ghqvlw| e| sdvvlqj
wkh ruljlqdo vhulhv wkurxjk d owhu vr wkdw lwv rxwsxw kdv d uhodwlyho|  dw vshfwuxp1 D  dw
vshfwuxp lv pxfk hdvlhu wr hvwlpdwh dqg wkh fruuhvsrqglqj nhuqho hvwlpdwru lv ohvv vhqvleoh wr
wkh fkrlfh ri d edqgzlgwk1 Dqguhzv dqg Prqdkdq*v +4<<5, suhzklwhqlqj nhuqho hvwlpdwru lv
hhfwlyh lq uhgxflqj wkh eldv/ dqg ohdgv wr frqvlghudeo| ehwwhu vl}hv iru uhodwhg whvw vwdwlvwlfv1
Lq wkh phdqwlph/ lw lv dovr irxqg wkdw suhzklwhqlqj lq dwhv wkh yduldqfh dqg pd| ohdg wr
d odujhu phdq vtxduhg huuru +PVH, wkdq wkh nhuqho hvwlpdwru zlwkrxw suhzklwhqlqj +vhh
Dqguhzv dqg Prqdkdq 4<<5/ Qhzh| dqg Zhvw 4<<7/ s1967,1
Rxu frqwulexwlrqv lq wklv sdshu lv wkdw zh frpsduh wkh qlwh vdpsoh shuirupdqfhv ri
nhuqho0edvhg hvwlpdwruv= qrqsdudphwulf zlwk dqg zlwkrxw suhzklwhqlqj dqg sdudphwulf
phwkrg ri gh Kddq dqg Ohylq +5333, lq wkh sdqho frqwh{wv1
Lq Vhfwlrq 5/ zh ghvfuleh wkh iudphzrun lq zklfk hvwlpdwlrq ri khwhurvnhgdvwlflw| dqg
dxwrfruuhodwlrq frqvlvwhqw fryduldqfh pdwulfhv lq sdqho gdwd ri lqwhuhvw1 Lq Vhfwlrq 6/ zh
uhsruw wkh Prqwh Fduor uhvxowv1 Vhfwlrq 7 surylghv d frqfoxglqj uhpdun dqg gluhfwlrqv iru
ixuwkhu uhvhdufk1 Xqohvv lqglfdwhg/ doo olplwv duh wdnhq dv wkh vdpsoh vl}h q $4dqg W $4 =
51 PRGHO
Wr prwlydwh wkh sureohp/ zh uvw frqvlghu dq wzr0zd| huuru frpsrqhqw sdqho prgho zlwk
d srvvleo| khwhurvnhgdvwlf dqg dxwrfruuhodwhg glvwxuedqfh huuru
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zkhuh \lw lv d vfdodu>[ lw lv d s   yhfwru ri h{sodqdwru| yduldeohv wkdw pd| frqwdlq odjjhg
ghshqghqw yduldeohv \lw3k Es>k 5 ]n/ f lv dq lqwhufhsw/ f lv d s   yhfwru ri wkh vorsh
sdudphwhuv/ l lv wkh lqglylgxdo hhfw/ w lv wkh wlph hhfw/ dqg ylw lv wkh huuru whup1 Zh
doorz {hg hhfwv ru udqgrp hhfwv1 Wkurxjkrxw/ zh dvvxph Wl ' flW iru vrph lqwhjhu W
dqg fl 5 df>Fo= Wkxv/ zh shuplw xqedodqfhg sdqho gdwd1 Pruhryhu/ zh doorz \lw>[ lw> f dqg
f wr ghshqg rq erwk q dqg W= +Iru qrwdwlrqdo vlpsolflw|/ zh vxssuhvv vxfk ghshqghqfh1,
Wkurxjkrxw/ zh dvvxph wkh iroorzlqj frqglwlrqv rq +514,=
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lwj
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lw 5 df>Fo( +ll, wkhuh lv
qr vsdwldo ghshqghqfh lq iylwj/l 1 h 1 /ylw dqg ymv duh lqghshqghqw iru doo l 9' m dqg doo w>v( +lll,
wkh lqglylgxdo dqg wlph hhfwv/ l dqg w> fdq eh vwrfkdvwlf +udqgrp hhfwv, ru ghwhuplqlvwlf
+{hg hhfwv,1
Qr ghshqghqfh dvvxpswlrqv rq ilj dqg iwj duh lpsrvhg/ ehfdxvh wkh| zloo eh glhu0
hqfhg rxw lq wkh frqvwuxfwlrq ri rxu hvwlpdwruv1 Zh wkxv doorz iwj wr eh vhuldoo| fruuhodwhg
7li w lv udqgrp/ dqg ilj wr eh vsdwldoo| fruuhodwhg li l lv udqgrp1 Zh dovr doorz d fhuwdlq
ghjuhh ri khwhurjhqhlw| lq sdqho gdwdi\lw>[￿
lwj￿ qhhg qrw eh vwdwlrqdu| iru hdfk l/d q gw k h
huuruv iylwj pd| kdyh glhuhqw yduldqfhv dfurvv l= Lq sduwlfxodu/ zh doorz vrph qrqvwdwlrqdu|
surfhvvhv1 Rqh h{dpsoh ri qrqvwdwlrqdu| sdqho wlph vhulhv lv wkh ghwhuplqlvwlf wuhqg surfhvv
+h1j1/ Ndr dqg Hphuvrq 4<<<,
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Wklv lv fryhuhg e| +514, zlwk [lw  dw@W>Ew@W2>===>Ew@Wso￿ dqg   EW￿>===>W ss￿= Qrwh
wkdw [lw dqg f ghshqg rq W= Dqrwkhu h{dpsoh lv wkh sdqho frlqwhjudwlrq surfhvv +h1j1/
Skloolsv dqg Prrq 4<<</ Ndr dqg Fkldqj 5333,=
\lw '  n ]lw n l n w n ylw>
zkhuh ]lw ' ]lw3￿ n%lw>i%lwj lv LEf iru hdfk l> dqg i%lwj pd| ru pd| qrw eh fruuhodwhg zlwk
iylwj= Wklv surfhvv lv dovr fryhuhg e| +514, zlwk [lw  W 3￿]lw dqg f  W=Zh zloo surylgh
uhjxodulw| frqglwlrqv rq wudqviruphg yduldeohv i[lwj dqg wudqviruphg sdudphwhuv =
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3￿ Sq
l’￿
SWl
w’￿ [lw= Wkh yduldeohv
7 \l> 7 \w dqg 7 \ duh ghqhg lq wkh vdph zd|v1 Lwv dv|pswrwlf fryduldqfh pdwul{ lv
DYDU
ks































 [lw ylwE ylv  [lv
￿>
 [lw  [lw  7 [l  7 [w n 7 [> dqg  ylw  ylw  yl  yw n y= Wr hvwlpdwh +516,/ s*4 	 lqW lv pruh
fkdoohqjlqj wr hvwlpdwh1





qWEe   f
g $ QEf>L u>u 5 ]
n> +517,
8zkhuh PqW lv d qrqvwrfkdvwlf u  s pdwul{/ Lu lv d u  u lghqwlw| pdwul{/ dqg











iru vrph vwrfkdvwlf s yhfwru surfhvv YlwEf= Iru h{dpsoh/ wkh ixqfwlrq YlwEf f d qe hw k h
prphqw ixqfwlrq lq JPP hvwlpdwlrq/ h1j1/ Duhoodqr dqg Erqg +4<<4,/ Duhoodqr dqg Eryhu
+4<<8,/ Dkq dqg Vfkplgw +4<<8/ 4<<:,/ Kdkq +4<<:,/ Eoxqghoo dqg Erqg +4<<;,/ dqg Lp hw
do1 +4<<<,1 Dovr wkh KDF hvwlpdwruv sursrvhg lq wklv sdshu fdq eh xvhg lq pdq| rwkhu sdqho
prghov1 Iru h{dpsoh/ wkh sdqho frlqwhjudwlrq whvwv dqg sdqho frlqwhjudwlrq hvwlpdwlrq +h1j1/
Ndr/ 4<<<> Ndr dqg Fkldqj/ 5333/ Skloolsv dqg Prrq/ 4<<<, uhtxluh wkh KDF hvwlpdwlrq iru
wkh orqj0uxq yduldqfh pdwul{ ri wkh huuru whupv lq wkh prghov1 Lq dq h{whqvlyh vlpxodwlrq
vwxg|/ Ndr dqg Fkldqj +5333, srlqwhg rxw wkh sdqho ixoo| prglhg +IP, hvwlpdwru dqg
w0vwdwlvwlf edvhg rq IP hvwlpdwru duh vhyhuho| grzqzdug eldvhg gxh wr wkh idloxuh ri wkh
nhuqho0edvhg KDF hvwlpdwlrq iru wkh orqj0uxq yduldqfh fryduldqfh pdwul{1 Pruh vhulrxvo|/
Ndr dqg Fkldqj dovr srlqwhg rxw wkdw wkh IP w0vwhdwlwlf ehfrph pruh qhjdwlyho| eldvhg dv
wkh furvv0vhfwlrqdo glphqvlrq/ q/ lqfuhdvhv1 Doo wkhvh lqglfdwh wkhuh lv pxfk wr eh grqh rq
wkh KDF hvwlpdwlrq lq sdqho gdwd prghov1 Iru wkh sdqho frlqwhjudwlrq whvw hvwlpdwlrq +h1j1/










Rqfh wkh hvwlpdwhv ri YlwEf>Y lwEf zhuh hvwlpdwhg/ wkh KDF hvwlpdwru ri wkh orqj uxq






























zkhuh e  lv wkh zlwklq hvwlpdwru ru wkh IP hvwlpdwru dqg '￿o lv d zhljkw ixqfwlrq ru d nhuqho=





e l  l

grhv qrw glyhujh dv q jurzv odujh1 Krzhyhu/ e l  l pd|




e l  l

pd| eh qrq0qhjoljleoh lq sdqho
gdwd zlwk qlwh vdpsohv1 Lw pd| eh rqh ri wkh uhdvrqv iru wkh srru shuirupdqfh iru sdqho
IP hvwlpdwru1 Iru JPP hvwlpdwru lq sdqho gdwd/ YlwEf xvxdoo| wdnhv wkh irup=
YlwEf']lw













 \lw   [f

pd| kdyh
vhuldo fruuhodwlrq dqg khwhurvnhgdvwlflw| ri xqnqrzq irup1 Krzhyhu/ iru wkh JPP lv wkh
9g|qdplf sdqho prghov/ rqh pxvw eh fduhixo derxw krz wr fkrrvh wkh ydolg lqvwuxphqwv zkhq
wkh vhuldo fruuhodwlrq kdv wkh xqnqrzq irup1 Iru h{dpsoh/ wkh frqvlvwhqf| ri wkh JPP
lq Duhoodqr dqg Erqg +4<<4, wkdw xvh wkh odjjhg ghshqghqw yduldeohv eh wkh lqvwuxphqwv
uhtxluhv qr vhfrqg0rughu vhuldo fruuhodwlrq lq wkh uvw glhuhqfh uhvlgxdov Lw vhhpv wkdw li
wkh huuru whupv duh vhuldoo| fruuhodwhg zlwk wkh xqnqrzq irup/ wkhq rqh fdqqrw fkrrvh wkh
odjjhg ghshqghqw yduldeohv wr eh wkh ydolg lqvwuxphqwv lq wkh g|qdplf sdqho prghov1 Lq
vwhdg ri xvlqj odjjhg ghshqghqw yduldeohv/ zh pd| kdyh wr xvh h{rjhqrxv yduldeohv wr eh
lqvwuxphqwv1
Xvxdoo|/ PqW lv uhodwlyho| vlpsoh wr hvwlpdwh/ riwhq e| lwv vdpsoh dqdorj1 Rxu irfxv lv






















lv wkh ss vshfwudo ghqvlw| pdwul{ ri YlwEf dw iuhtxhqf| 3/ zlwk KlEo'HdYlwEfYl>w3oEf￿o=
Wkxv/ ll fdq eh frqvlvwhqwo| hvwlpdwhg e| d qrqsdudphwulf vshfwudo ghqvlw| hvwlpdwru dw
iuhtxhqf| 3/ dv vxjjhvwhg lq Euloolqjhu +4<:8,/ Kdqvhq +4<;5, dqg Skloolsv dqg Rxoldulv
+4<;;, dprqj rwkhuv1 Qhzh| dqg Zhvw +4<;:, sursrvh d frqyhqlhqw srvlwlyh vhpl0ghqlwh





zkhuh NE{'E m{mEm{m lv wkh Eduwohww nhuqho/ E lv wkh lqglfdwru ixqfwlrq/ ElW lv




w’on￿ YlwEe Yl>w3oEe ￿>o 'f >>===>W  >
W 3￿ Sq
w’￿3o Yl>wnoEe YlwEe ￿>o ' >===>EW  >
+51;,
lv wkh vdpsoh dxwrfryduldqfh pdwul{ ri YlwEe > dqg e  lv d frqvlvwhqw hvwlpdwru ri =





zkhuh N G U $ d>o lv d jhqhudo nhuqho/ dqg Eq d edqgzlgwk1 H{dpsohv ri NE lqfoxgh
Eduwohww/ Sdu}hq/ TV/ Wxnh|0Kdqqlqj/ dqg wuxqfdwhg nhuqhov +h1j1/ Dqguhzv 4<<4,1 Zkhq
:NE kdv lqqlwh vxssruw/ ElW lv qr orqjhu d odj wuxqfdwlrq sdudphwhu1 Dqguhzv ghulyhv
wkh rswlpdo nhuqho wkh TV nhuqho/ wkdw plqlpl}hv dq dv|pswrwlf PVH> kh dovr sursrvhv
d sdudphwulf soxj0lq gdwd0gulyhq edqgzlgwk fkrlfh iru ElW= Edvhg rq Dqguhzv +4<<4,/








Skloolsv dqg Prrq +4<<<, yhulhg wkh frqvlvwhqf| ri 	 l e| dvvxplqj ElW>q>W $4zlwk
ElW@W $ f= Qhzh| dqg Zhvw +4<<7, sursrvh d qrqsdudphwulf soxj0lq gdwd0gulyhq fkrlfh
ri ElW iru wkhlu Eduwohww nhuqho0edvhg hvwlpdwru 	 llQZ= Dqguhzv dqg Pdqdkdq +4<<5, ixuwkhu
sursrvh d suhzklwhqlqj nhuqho hvwlpdwru
	 llDP '
k










L  	 DlEe 
l3￿
> +5143,

















lw Ee ￿>o ' >===>EW  
lv wkh vdpsoh dxwrfryduldqfh ixqfwlrq ri wkh YDU uhvlgxdo Y
n
lw Ee 1
H{whqvlyh vlpxodwlrq h{shulphqwv lq wkh olwhudwxuh vkrz wkdw nhuqho hvwlpdwruv shuirup
srruo| lq qlwh vdpsohv zkhq wkhuh lv vwurqj dxwrfruuhodwlrq1 Wkh| riwhq ohdg wr vwurqj
ryhuuhmhfwlrq lq whvwlqj dqg wrr qduurz frqghqfh lqwhuydov lq hvwlpdwlrq1 Wklv lv wuxh hyhq
li wkh +lqihdvleoh, qlwh vdpsoh rswlpdo edqgzlgwk sdudphwhu lv xvhg1 Lw dsshduv wkdw lw lv
wkh yhu| qdwxuh ri wkh nhuqho phwkrg/ udwkhu wkdq wkh fkrlfh ri d edqgzlgwk ru d nhuqho/ wkdw
dwwulexwhv lwv srru shuirupdqfh lq qlwh vdpsohv zkhq wkh gdwd glvsod| vwurqj ghshqghqfh1
Lq rxu rslqlrq/ wkh pdlq uhdvrq iru wkh srru shuirupdqfh ri wkh nhuqho hvwlpdwruv lv wkdw
wkh vshfwudo ghqvlw| kdv d shdn dw iuhtxhqf| 3 zkhq wkhuh h{lvwv vwurqj dxwrfruuhodwlrq/ exw
wkh nhuqho phwkrg/ dv d orfdo dyhudjlqj phwkrg/ whqgv wr xqghuhvwlpdwh wkh shdn1 Dqguhzv
dqg Prqdkdq*v +4<<5, suhzklwhqlqj surfhgxuh doohyldwhv wklv grzqzdug eldv vxevwdqwldoo|
dqg wkxv jlyhv ehwwhu whvw vl}hv1 Krzhyhu/ lw dovr lq dwhv wkh yduldqfh dqg wkxv pd| qrw
grplqdwh wkh vdph surfhgxuh dssolhg wr wkh ruljlqdo vhulhv lq whupv ri PVH fulwhuld1 Ehorz
zh vwxg| wkh qlwh vdpsoh surshuwlhv ri wkh ydulrxv KDF hvwlpdwruv lq wkh sdqho frqwh{w1
61 PRQWH FDUOR HYLGHQFH
Zh qrz frpsduh wkh qlwh vdpsoh shuirupdqfhv ri wkuhh KDF fryduldqfh pdwul{ hv0
wlpdwruv= qrqsdudphwulf nhuqho0edvhg zlwk dqg zlwkrxw suhzklwhqlqj hvwlpdwruv dqg wkh
;sdudphwulf YDUKDF hvwlpdwru1 Zh frqvlghu wzr vhwv ri vlpxodwlrq h{shulphqwv= wkh uvw
edvlfdoo| iroorz wkh ghvljqv ri Edowdjl dqg Ol +4<<8,/ Dqguhzv +4<<4, dqg Dqguhzv dqg
Prqdkdq +4<<5,/ dqg wkh vhfrqg duh edvhg rq dq hpslulfdo vwxg| rq wkh X1V1 mxyhqloh fulph
udwhv e| Ohylww +4<<;,1
Iru wkh uvw vhw ri h{shulphqwv/ Zh frqvlghu wkh iroorzlqj GJS iru wkh sdqho gdwd prgho=
\lw '  n [lw n l n ylw>
[lw 'f =D[lw3￿ n lw(
zkhuh lw
llg  X df=D>f=Do> l
llg  QEf> 2
￿>'Ddqg  'f =D= Wkh lqlwldo ydoxhv [lf zhuh
fkrvhq dv lq Edowdjl hw do1 +4<<5,= Zh ohw 2  2
￿ n 2
y '2 fdqg  
￿2
￿
￿2 wdnh yh glhuhqw
ydoxhv/ Ef>f=e>f=H= Wkh ydoxh ri  phdvxuhv wkh uhodwlyh vwuhqjwk ri udqgrp hhfwv +zkhq
 'f > wkhuh lv qr udqgrp hhfw,1 Zh qrwh wkdw d vlplodu GJS kdv ehhq xvhg lq Edowdjl
dqg Ol +4<<8, dqg Ehud hw do1 +5333,1 Zh frqvlghu wkuhh vdpsoh vl}h frpelqdwlrqv= Eq>W'
E2D>2>EDf>Se>Eff>2H= Wr h{dplqh wkh shuirupdqfh ri nhuqho0edvhg KDF hvwlpdwruv/








o%w3o n %w> i%wjLLG=QEf>
2=
Lq rxu vlpxodwlrq/ zh frqvlghu DUPD+4/4,/ DUPD+5/5, dqg DUPD+7/7,1 Iru DUPD+4/4,/
zh vhw wkh DU sdudphwhu o 'f =S dqg f=b= Iru DUPD+5/5, dqg DUPD+7/7,/ zh vhw wkh
ydoxhv ri ioj vxfk wkdw wkhlu vxp htxdov wr f=S dqg f=b= I r uh d f kp r g h o /z hv h wh d f kP D
sdudphwhu o 'f =S ru f=b= Zh dovr vhw 2 'lq hdfk prgho1
Zh frpsduh wkh iroorzlqj fryduldqfh hvwlpdwruv= Qhzh| dqg Zhvw*v +QZ/ 4<<7, Eduwohww
nhuqho0edvhg hvwlpdwru/ Dqguhzv* +4<<4, TV hvwlpdwru/ dqg wkh YDUKDF hvwlpdwru ri ghq
Kddq1 Iru QZ/ zh vhohfw wkh gdwd0gulyhq edqgzlgwk xvlqj Qhzh| dqg Zhvw*v +4<<7/ ss196:,
qrqsdudphwulf soxj0lq phwkrg1 Iru TV/ zh vhohfw wkh gdwd0gulyhq edqgzlgwk xvlqj Dqguhzv*
+4<<4, sdudphwulf soxj0lq phwkrg edvhg rq xqlyduldwh iDU+pd,j
s
d’￿ prghov/ zkhuh wkh rughu
pd lv vhohfwhg e| DLF ru ELF1 Wkh uhvxowlqj hvwlpdwru lv ghqrwhg dv TV+D, ru TV+E,1 Zh dovr
xvh DLF ru ELF/ dqg rewdlq wkh hvwlpdwru YDUKDF/ l1h1/ YDUKDF+D, dqg YDUKDF+E,1
Dowhuqdwlyho|/ zh dovr dsso| d suhzklwhqlqj +SZ, surfhgxuh wr QZ dqg TV= zh uvw w
d suhkzlwhqlqj YDU+p, prgho iru iYwEe qj zlwk wkh rughu p ghwhuplqhg e| DLF ru ELF
djdlq/ xvh wkh uhvxowlqj uhvlgxdo yhfwru vhulhv iY
n
w Ee qj wr frqvwuxfw QZ dqg TV hvwlpdwruv/
dqg wkhq uhfroru wkhp1 Iru QZ/ zh rqo| qhhg wr xvh DLF ru ELF wr vhohfw wkh rughu
ri wkh suhzklwhqlqj YDU+p, prgho1 Zh rewdlq SZ0QZ+D, ru SZ0QZ+E,1 Iru TV zh
<dsso| wkh vdph rughu vhohfwlrq fulwhulrq wr erwk wkh YDU+p, prgho iru suhzklwhqlqj dqg
wkh xqlyduldwh iDU+pd,j
s
d’￿ prghov iru fkrrvlqj wkh soxj0lq edqgzlgwk ru wkh qhvw vfdoh1
Wkhvh duh ghqrwhg dv SZ0TV+D, dqg SZ0TV+E, uhvshfwlyho|1
Lq rughu wr vwxg| wkh srwhqwldo khwhurjhqhlw| lq wkh vhuldo fruuhodwlrq dfurvv wkh furvv0




A A A A A A A A A A A A A A ?
A A A A A A A A A A A A A A =
DUPD+7/7,
d G ylw ' ylw3e n %lw n %lw3e>l ' >===>q>
DUPD+7/7,
e G ylw ' ylw3e n %lw  %lw3e>l ' >===>q>
DUPD+7/7,
f G ylw '
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g G ylw '
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h G ylw '
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ylw3e n %lw n %lw3e>l ' >===> q
2>
ylw3￿ n %lw  %lw3e>l ' q
2 n >===>q=
+:19,
Zh hvwlpdwh  e| wkh zlwklq hvwlpdwru e = Zh h{dplqh wkh ydulrxv hvwlpdwruv iru wkh
dv|pswrwlf yduldqfh ri e = Zh h{dplqh wkhlu eldvhv/ yduldqfhv dqg PVHv1
Zh dovr h{dplqh wkh vl}h ri wkh w0whvw ri
Kf G  'f y1v1 KD G  ' >
Wkh whvw lv frqvwuxfwhg xvlqj wkh zlwklq hvwlpdwru e  dqg wkh ydulrxv fryduldqfh hvwlpdwruv1
Wdeoh 4 uhsruwv wkh eldv/ yduldqfh/ PVH/ dqg wkh vl}h ri wkh w whvw xqghu DUPD +4/4,
iru Eq>W ' E2D>2 zlwk  'E f =f>f=e>f=H= Wkh YDUKDF+D, kdv wkh vpdoohvw grzqzdug
eldv/ wkhq iroorzhg e| TV+E,/ TV+D,/ dqg QZ1 Dv irxqg lq suhylrxv vwxglhv lq wlph vhulhv/
wkh suhzklwhqlqj hvwlpdwruv ri SZ0QZ+D,/ SZ0QZ+E,/ SZ0TV+D,/ dqg SZ0TV+E, kdyh
odujhu PVHv wkdq qrq0suhzlwkhqlqj phwkrgv1 Lq jhqhudo/ TV phwkrgv kdyh vpdoohu eldvhv
wkdq wkhlu QZ frxqwhusduwv1 Iru wkh vl}h ri whvwv/ YDUKDF+D, jdlqv d ehwwhu vl}h wkdq uhvwv
ri phwkrgv exw kdv d odujhvw yduldqfh1 Dovr/ TV phwkrgv kdyh jrrg vl}hv lq frqwudvw wr QZ
frxqwhusduwv1 Wkh suhzklwhqlqj phwkrgv/ krzhyhu/ kdyh uhodwlyho| zruvh vl}hv wkdq qrq0
suhzklwhqlqj phwkrgv1 Rq wkh rwkhu kdqg/ eldvhv ri doo phwkrgv uhgxfh zkhq wkh udqgrp
hhfw lqfuhdvhv1 Wklv fdq eh revhuyhg wkdw PVHv iru doo phwkrgv whqg wr eh vpdoohu lq
fruuhvsrqghqfh wr ghfuhdvh ri 1 Wkh vl}hv ri whvwv vkrz qr vljqv ri lpsuryhphqwv hyhq
wkrxjk PVHv ghfuhdvh1 Wdeohv 5 dqg 6 vkduh wkh vlplodu revhuydwlrqv dv irxqg lq Wdeoh 41
Wkh eldvhv dqg PVHv/ krzhyhu/ whqg wr ehfrph odujhu zkhq wkh glphqvlrq ri frpelqdwlrq
43ri Q dqg W lqfuhdvhv iru doo phwkrgv1 Phdqzkloh/ wkh vl}hv ri whvwv lpsuryhv zkhq vdpsoh
vl}h lqfuhdvhv iru erwk Q dqg W1
Wkh vlplodu revhuydwlrqv fdq eh irxqg lq DUPD +5/5, dqg DUPD+7/7, fdvhv iurp Wdeohv
7 wr <1 Ixuwkhupruh/ wkh eldvhv dqg PVHv duh uhodwlyho| odujhu wkdq wkrvh lq DUPD +4/4,
fdvhv1 Wklv lqglfdwhv wkdw hvwlpdwhg yduldqfhv ghyldwh pruh zkhq wkh huuruv ehfrph pxfk
pruh fruuhodwhg1
Lq vxppdu|/ zh revhuyh wkh iroorzlqj=
4, Wkh YDUKDF+D, hvwlpdwru kdv d vpdoohu eldv dqg d odujhu yduldqfh wkdq rwkhu hvwl0
pdwruv1 Wkh PVHv ri wkh suhzklwhqlqj hvwlpdwruv duh odujhu wkdq wkrvh ri qrq0suhzklwhqlqj
phwkrgv1
5, Iru wkh vl}h ri wkh whvwv/ wkh YDUKDF+D, hvwlpdwru rxwshuirupv rwkhu phwkrgv1
6, Wkh suhzklwhqlqj surfhgxuhv hqodujh PVHv1
71 FRQFOXVLRQ
Dv lv zhoo0nqrzq/ d KDF fryduldqfh pdwul{ lv sursruwlrqdo wr d vshfwudo ghqvlw| pdwul{ dw
iuhtxhqf| f> dqg fdq eh frqvlvwhqwo| hvwlpdwhg e| wkh srsxodu nhuqho phwkrgv ri Dqguhzv0
Qhzh|0Zhvw1 Zkhq gdwd glvsod|v vwurqj ghshqghqfh/ wkh vshfwudo ghqvlw| kdv d shdn dw
iuhtxhqf| 3= Nhuqhov/ dv d orfdo dyhudjlqj phwkrg/ whqg wr xqghuhvwlpdwh wkh shdn1 Wklv
riwhq ohdgv wr ryhuuhmhfwlrq lq whvwlqj dqg wrr qduurz frqghqfh lqwhuydov lq hvwlpdwlrq1
Lq wklv sdshu/ wkh lvvxhv ri edqgzlgwk vhohfwlrq dqg suhzklwhqlqj ri hvwlpdwlqj wkh KDF
fryduldqfh pdwul{ lq sdqho gdwd prghov duh lqyhvwljdwhg xvlqj Prqwh Fduor1
44UHIHUHQFHV
Dkq/ V1 F1 dqg Vfkplgw/ S1 +4<<8,/ H!flhqw Hvwlpdwlrq ri Prghov iru G|qdplf Sdqho
Gdwd/ Mrxuqdo ri Hfrqrphwulfv/ 9;/ 805:1
Dkq/ V1 F1 dqg Vfkplgw/ S1 +4<<:,/ H!flhqw Hvwlpdwlrq ri Prghov iru G|qdplf Sdqho Gdwd=
Dowhuqdwlyh Dvvxpswlrqv dqg Vlpsolhg Hvwlpdwlrq/ Mrxuqdo ri Hfrqrphwulfv/ :9/ 63<06541
Dqghuvrq/ W1 Z1 dqg Kvldr/ F1 +4<;5,/ Irupxodwlrq dqg Hvwlpdwlrq ri G|qdplf Prghov
Xvlqj Sdqho Gdwd/ Mrxuqdo ri Hfrqrphwulfv/ 4;/ 7:0;51
Dqguhzv/ G1Z1N1 +4<<4,/ Khwhurvnhgdvwlflw| dqg Dxwrfruuhodwlrq Frqvlvwhqw Fryduldqfh
Pdwul{ Hvwlpdwlrq/ Hfrqrphwulfd 8</ ;4:0;8;1
Dqguhzv/ G1Z1N1 dqg M1F1 Prqdkdq +4<<5,/ Dq Lpsuryhg Khwhurvnhgdvwlflw| dqg Dxwrfu0
uhodwlrq Frqvlvwhqw Fryduldqfh Pdwul{ Hvwlpdwru/ Hfrqrphwulfd 93/ <860<991
Duhoodqr/ P1 dqg Erqg/ V1 +4<<4,/ Vrph Whvwv ri Vshflfdwlrq iru Sdqho Gdwd= Prqwh Fduor
Hylghqfh dqg dq Dssolfdwlrq wr Hpsor|phqw Htxdwlrqv/ Uhylhz ri Hfrqrplf Vwxglhv/ 8;/
5::05<:1
Duhoodqr/ P1 +4<;:,/ Frpsxwlqj Urexvw Vwdqgdug Huuruv iru Zlwklq0Jurxsv Hvwlpdwruv/
R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 7</ 76407671
Duhoodqr/ P1 dqg Eryhu/ R1 +4<<8,/ Dqrwkhu Orrn dw wkh Lqvwuxphqwdo Yduldeohv Hvwlpdwlrq
ri Huuru0Frpsrqhqw Prghov/ Mrxuqdo ri Hfrqrphwulfv/ 9;/ 5<0841
Edowdjl/ E1 K1/ dqg Ol/ T1 +4<<8,/ Whvwlqj DU+4, Djdlqvw PD+4, Glvwxuedqfhv lq dq Huuru
Frpsrqhqw Prgho/ Mrxuqdo ri Hfrqrphwulfv/ 9;/ 466 0 4841
Ehowudr/ N1 dqg S1 Eorrphog +4<;:,/ Ghwhuplqlqj wkh Edqgzlgwk ri d Nhuqho Vshfwuxp
Hvwlpdwh/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv ;/ 5406;1
Ehuu|/ V1/ Jrwwvfkdon/ S1/ dqg Zlvvrnhu/ G1 +4<;;,/ Dq Huuru Frpsrqhqwv Prgho ri wkh
Lpsdfw ri Sodqw Forvlqj rq Hduqlqjv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :3/ :34 0 :3:1
Ekdujdyd/ D1/ Iudq}lql/ O1/ dqg Qduhqgudqdwkdq/ Z1 +4<;5,/ Vhuldo Fruuhodwlrq dqg wkh
Il{hg Hhfwv Prgho/ Uhylhz ri Hfrqrplf Vwxglhv/ 7</ 866087<1
Eoxqghoo/ U1 Z1/ dqg Erqg/ V1 +4<<;,/ Lqlwldo Frqglwlrqv dqg Prphqw Uhvwulfwlrqv lq G|0
qdplf Sdqho Gdwd Prghov/ Mrxuqdo ri Hfrqrphwulfv/ ;:/ 44804761
Eoxqghoo/ U1 Z1/ dqg Erqg/ V1 +4<<<,/ JPP Hvwlpdwlrq zlwk Shuvlvwhqw Sdqho Gdwd= Dq
Dssolfdwlrq wr Surgxfwlrq Ixqfwlrqv/ Zrunlqj Sdshu Vhulhv Qr1 Z<<27/ Wkh Lqvwlwxwh iru
Ilvlfdo Vwxglhv1
Euloolqjhu/ G1 U1 +4<:8,/ Wlph Vhulhv= Gdwd Dqdo|vlv dqg Wkhru|1 Krow/ Ulqhkduw dqg Zlq0
vwrq= Qhz \run1
Fkulvwldqr dqg Z1 ghq Kddq +4<<8,/ Vpdoo Vdpsoh Surshuwlhv ri JPP iru Exvlqhvv F|foh
Dqdo|vlv/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv1
45Frfkudqh/ M1 +4<;;,/ Krz Elj lv wkh Udqgrp Zdon lq JQSB Mrxuqdo ri Srolwlfdo Hfrqrp|
<9/ ;<60<531
ghq Kddq/ Z1 dqg D1 Ohylq +4<<:,/ D Sudfwlwlrqhu*v Jxlgh wr Urexvw Fryduldqfh Pdwul{
Hvwlpdwlrq/ lq Kdqgerrn ri Vwdwlvwlfv= Urexvw Lqihuhqfh/ Yro1 48/ hgv1 J1V1 Pdggdod dqg
F1U1 Udr1 Hovhylhu> Qhz \run1
ghq Kddq/ Z1 dqg D1 Ohylq +4<<;,/ Yhfwru Dxwruhjuhvvlyh Fryduldqfh Pdwul{ Hvwlpdwlrq/
Ghsduwphqw ri Hfrqrplfv Zrunlqj Sdshu/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1
ghq Kddq/ Z1 dqg D1 Ohylq +5333,/ Urexvw Fryduldqfh Pdwul{ Hvwlpdwlrq zlwk Gdwd0
Ghshqghqw YDU Suhzklwhqlqj Rughu/ Ghsduwphqw ri Hfrqrplfv Zrunlqj Sdshu/ Xqlyhuvlw|
ri Fdoliruqld/ Vdq Glhjr1
Gh Mrqj/ U1 dqg M1 Gdylgvrq +4<<<,/ Frqvlvwhqw Hvwlpdwlrq ri Khwhurvnhgdvwlflw| dqg Dx0
wrfruuhodwlrq Frqvlvwhqw Fryduldqfh Pdwulfhv/ Hfrqrphwulfd1
Jdoodqw/ D1U1 +4<;:,/ Qrqolqhdu Vwdwlvwlfdo Prghov1 Zloh|= Qhz \run1
Jdoodqw/ D1U1 dqg K1 Zklwh +4<;;,/ D Xqlhg Wkhru| ri Hvwlpdwlrq dqg Lqihuhqfh iru Qrq0
olqhdu G|qdplf Prghov1 Edvlo Eodfnzhoo= Qhz \run1
Judqjhu/ F1 +4<9<,/ Lqyhvwljdwlqj fdxvdo Uhodwlrqv e| Hfrqrphwulf Prghov dqg Furvv0
Vshfwudo Phwkrgv/ Hfrqrphwulfd 6:/ 64806731
Kdkq/ M1 +4<<:,/ H!flhqw Hvwlpdwlrq ri Sdqho Gdwd Prghov zlwk Vhtxhqwldo Prphqw Uh0
vwulfwlrqv/ Mrxuqdo ri Hfrqrphwulfv/ :</ 40541
Kdkq/ M1 +4<<<,/ Krz Lqirupdwlyh lv wkh Lqlwldo Frqglwlrq lq wkh G|qdplf Sdqho Prgho zlwk
Il{hg HhfwvB Mrxuqdo ri Hfrqrphwulfv/ <6/ 63<06591
Kdqqdq/ H1 +4<:3,/ Pxowlsoh Wlph Vhulhv1 Zloh|= Qhz \run1
Kdqvhq/ E1 +4<<5,/ Frqvlvwhqw Fryduldqfh Pdwul{ Hvwlpdwlrq iru Ghshqghqw Khwhurjhqrxv
Surfhvvhv/ Hfrqrphwulfd 93/ <9:0<:51
Kdqvhq/ O1 +4<;5,/ Odujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrg ri Prphqwv Hvwlpd0
wruv/ Hfrqrphwulfd 83/ 435<043871
Kdxvh/ M1 +4<::,/ Wkh Fryduldqfh Vwuxfwxuh ri Hduqlqjv dqg wkh Rq0wkh0Mre Wudlqlqj K|0
srwkhvlv/ Dqqdov ri Hfrqrplf dqg Vrfldo Phdvxuhphqw/ 9/ 66806981
Kdxvh/ M1 +4<;3,/ Wkh Ilqh Vwuxfwxuh ri Hduqlqjv dqg wkh Rq0wkh0Mre Wudlqlqj K|srwkhvlv/
Hfrqrphwulfd/ 7;/ 43460435<1
Krqj/ \1/ dqg Ohh/ M1 +5333,/ Zdyhohw0Edvhg Hvwlpdwlrq ri Khwhurnhgdvwlflw| dqg Dxwrfru0
uhodwlrq Frqvlvwhqw Fryduldqfh Pdwulfhv/ Pdqxvfulsw1
Lp/ N1 V1/ Dkq/ V1 F1/ Vfkplgw/ S1/ dqg Zrrogulgjh/ M1 P1 +4<<<,/ H!flhqw Hvwlpdwlrq ri
Sdqho Prghov zlwk Vwulfwo| H{rjhqrxv H{sodqdwru| Yduldeohv/ Mrxuqdo ri Hfrqrphwulfv/ <6/
4::05341
46Nlhihu/ Q1 P1 +4<;3,/ Hvwlpdwlrq ri Il{hg Hhfw Prghov iru Wlph Vhulhv ri Furvv0Vhfwlrqv
zlwk Duelwudu| Lqwhuwhpsrudo Fryduldqfh/ Mrxuqdo ri Hfrqrphwulfv/ 47/ 4<805351
Ndr/ F1 +4<<<,/ Vsxulrxv Uhjuhvvlrq dqg Uhvlgxdo0Edvhg Whvwv iru Frlqwhjudwlrq lq Sdqho
Gdwd/ Mrxuqdo ri Hfrqrphwulfv/ <3/ 40771
Ndr/ F1/ dqg Fkldqj/ P10K1 +5333,/ Rq wkh Hvwlpdwlrq dqg Lqihuhqfh ri d Frlqwhjudwhg
Uhjuhvvlrq lq Sdqho Gdwd1 Dgydqfhv lq Hfrqrphwulfv/ Yroxph 48/ iruwkfrplqj1
Nduovvrq/ V1/ dqg Vnrjoxqg/ M1 +5333,/ Pd{lpxp0Olnholkrrg Edvhg Lqihuhqfh lq wkh Wzr0zd|
Udqgrp Hhfwv Prgho zlwk Vhuldoo| Fruuhodwhg Wlph Hhfwv/ Qr 6;6/ VVH2HIL Zrunlqj
Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh/ Vwrfnkrop Vfkrro ri Hfrqrplfv1
Nhdqh/ P1 S1/ dqg Uxqnoh/ G1 H1 +4<<5,/ Rq wkh Hvwlpdwlrq ri Sdqho0Gdwd Prghov zlwk
Vhuldo Fruuhodwlrq zkhq Lqvwuxphqwv duh qrw Vwulfwo| H{rjhqrxv/ Mrxuqdo ri Exvlqhvv dqg
Hfrqrplfv Vwdwlvwlfv/ 43/ 40 <1
Nhhqhu/ U1 Z1/ M1 Nphqwd dqg Q1F1 Zhehu +4<<4,/ Hvwlpdwlrq ri wkh Fryduldqfh Pdwul{
ri wkh Ohdvw Vtxduhv Uhjuhvvlrq Frh!flhqwv Zkhq wkh Glvwxuedqfh Fryduldqfh Pdwul{ lv ri
Xqnqrzq Irup/ Hfrqrphwulf Wkhru| :/ 550781
Nh}gl/ J1 +5334,/ Urexvw Vwdqgdug Huuru Hvwlpdwlrq lq Il{hg0Hhfwv Sdqho Prghov/
Pdqxvfulsw/ Xqlyhuvlw| ri Plfkljdq1
Nlqj/ U1/ F1 Sorvvhu/ M1 Vwrfn dqg P1 Zdwvrq +4<<4,/ Vwrfkdvwlf Wuhqgv dqg Hfrqrplf
Ioxfwxdwlrqv/ Dphulfdq Hfrqrplf Uhylhz ;4/ ;4<0;731
Nrro/ K1 +4<;;,/ D Qrwh rq Frqvlvwhqw Hvwlpdwlrq ri Khwhurvnhgdvwlf dqg Dxwrfruuhodwhg
Fryduldqfh Pdwulfhv/ Uhvhdufk Phprudqgxp 54/ Ghsduwphqw ri Hfrqrphwulfv/ Iuhh Xql0
yhuvlw|/ Dpvwhugdp11
Ohylqh/ G1 +4<;6,/ D Uhpdun rq Vhuldo Fruuhodwlrq lq Pd{lpxp Olnholkrrg/ Mrxuqdo ri
Hfrqrphwulfv 56/ 66:06751
Ohylww/ V1 G1 +4<<;,/ Mxyhqloh Fulph dqg Sxqlvkphqw/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 439/
4489 0 44;81
Oloodug/ O1 D1/ dqg Zloolv/ U1 M1 +4<:;,/ G|qdplf Dvshfwv ri Hduqlqjv Prelolw|/ Hfrqrphw0
ulfd/ 79/ <;8043451
Qhzh|/ Z1 dqg N1 Zhvw +4<;:,/ D Vlpsoh Srvlwlyh Vhpl0Ghqlwh/ Khwhurvnhgdvwlflw| dqg
Dxwrfruuhodwlrq Frqvlvwhqw Fryduldqfh Pdwul{/ Hfrqrphwulfd 88/ :360:3;1
Qhzh|/ Z1 dqg N1 Zhvw +4<<7,/ Dxwrpdwlf Odj Vhohfwlrq lq Fryduldqfh Pdwul{ Hvwlpdwlrq/
Uhylhzv ri Hfrqrplf Vwxglhv 94/ 96409861
Sdun/ E1/ dqg Vlfnohv/ U1 F1 Vhplsdudphwulf H!flhqw Hvwlpdwlrq ri DU+4, Sdqho Gdwd
Prghov/ Pdqxvfulsw/ Ulfh Xqlyhuvlw|1
Sdu}hq/ H1 +4<8:,/ Rq Frqvlvwhqw Hvwlpdwhv ri wkh Vshfwuxp ri d Vwdwlrqdu| Wlph Vhulhv/
47Dqqdov ri Pdwkhpdwlfdo Vwdwlvwlfv 5;/ 65<067;1
Skloolsv/ S1 dqg E1 Kdqvhq +4<<3,/ Vwdwlvwlfdo Lqihuhqfh lq Lqvwuxphqwdo Yduldeohv Uhjuhvvlrq
zlwk L+4, Surfhvvhv/ Uhylhz ri Hfrqrplf Vwxglhv 8:/ <<04581
Skloolsv/ S1 dqg V1 Rxoldulv +4<;;,/ Whvwlqj iru Frlqwhjudwlrq Xvlqj Sulqflsdo Frpsrqhqwv
phwkrgv/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 45/ 53805631
Suhvv/ K1 dqg W1 M1 Wxnh| +4<89,/ Srzhu Vshfwudo Phwkrgv ri Dqdo|vlv dqg Wkhlu Dssolfd0
wlrqv wr Sureohpv lq Dlusodqh G|qdplfv/ Ehoo V|vwhpv Prqrjudsk Qr1 59391
Sulhvwoh|/ P1E1 +4<;4,/ Vshfwudo Dqdo|vlv dqg Wlph Vhulhv1 Dfdghplf Suhvv= Qhz \run1
Vfkzhuw/ J1 +4<;:,/ Whvw iru Xqlw Urrwv= D Prqwh Fduor Lqyhvwljdwlrq/ Qdwlrqdo Exuhdx
ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu Qr1 :61
Vnrjoxqg/ M1 dqg V1 Nduovvrq +5334d,/ Dv|pswrwlf Surshuwlhv ri wkh Pd{lpxp Olnholkrrg
Hvwlpdwru ri Udqgrp Hhfwv Prghov zlwk Vhuldo Fruuhodwlrq/ Qr 765/ VVH2HIL Zrunlqj
Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh/ Vwrfnkrop Vfkrro ri Hfrqrplfv1
Vnrjoxqg/ M1 dqg V1 Nduovvrq +5334d,/ Vshflfdwlrq dqg Hvwlpdwlrq ri Udqgrp Hhfwv
Prghov zlwk Vhuldo Fruuhodwlrq ri jhqhudo irup/ Qr 766/ VVH2HIL Zrunlqj Sdshu Vhulhv lq
Hfrqrplfv dqg Ilqdqfh/ Vwrfnkrop Vfkrro ri Hfrqrplfv1
Zklwh/ K1 +4<;7,/ Dv|pswrwlf Wkhru| iru Hfrqrphwulfldqv1 Dfdghplf Suhvv= Qhz \run1
Zklwh/ K1 dqg L1 Grprzlw} +4<;7,/ Qrqolqhdu uhjuhvvlrq zlwk Ghshqghqw Revhuydwlrqv/
Hfrqrphwulfd 85/ 47604941
[ldr/ ]1 dqg R1 Olqwrq +5333,/ D Qrqsdudphwulf Suhzklwhqhg Fryduldqfh Hvwlpdwru/
Iruwkfrplqj/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv1
48Wdeoh 4= Eldv/ Yduldqfh/ PVH/ dqg Vl}h ri w whvw xqghu DUPD+4/4,=+q/W,@+58/65,
 Hvwlpdwru Eldv PVH Yduldqfh 43( 8( 4(
QZ 07198;< 541:3;4 313355 315<93 314:93 313873
TV+D, 0719683 5417;97 31335; 315;53 314893 313773
TV+E, 0719667 5417:45 31335; 315:;3 314843 313763
YDUKDF+D, 07169;6 53174;9 4166;4 315533 314483 313643
313 YDUYDU+E, 0718545 5318;;4 314798 315583 3145;3 313673
SZ0QZ+D, 071:864 5519679 31375: 317783 316683 3147:3
SZ0QZ+E, 071:948 5519<7< 313557 317883 316753 314863
SZ0TV+D, 071:6;9 5519364 3147<7 317643 3164<3 314793
SZ0TV+E, 071:7:5 551879: 313444 317643 316433 3146:3
QZ 051:<;5 :1;63; 31333: 316433 314;93 313963
TV+D, 051:;49 :1:6;3 31333< 315;43 314::3 3137;3
TV+E, 051:;3; :1:66< 31333< 315;43 314::3 313763
YDUKDF+D, 0517<74 :1::;6 4188<6 315573 314663 313683
317 YDUKDF+E, 051:3<3 :16<:6 3138;7 315633 314683 313763
SZ0QZ+D, 051;875 ;14898 3133<9 3177:3 316593 314993
SZ0QZ+E, 051;938 ;14;8< 313364 317773 3165<3 314:;3
SZ0TV+D, 051;765 ;1454; 3136;5 317583 315<:3 3147:3
SZ0TV+E, 051;793 ;14395 313396 3174;3 315<;3 314733
QZ 031<657 31;9<8 313333 316443 314<53 313943
TV+D, 031<5:4 31;8<: 313334 3157<3 3147<3 313763
TV+E, 031<5:3 31;8<7 313334 315793 314793 313763
YDUKDF+D, 031;664 31<;75 315<37 315533 314643 313763
31; YDUKDF+E, 031<334 31;4:7 3133:6 315673 314643 313693
SZ0QZ+D, 031<85; 31<3;5 313337 3176:3 316673 314993
SZ0QZ+E, 031<875 31<445 313334 317533 3163:3 3148:3
SZ0TV+D, 031<7:8 31<338 31335: 316:83 3159:3 314583
SZ0TV+E, 031<875 31<445 313334 317533 3163:3 3148:3
Qrwh=
Wkh qxpehu ri vlpxodwlrqv lv 43331
Wkh vxpv ri frh!flhqwv ri DU dqg PD duh 31</ uhvshflwyho|
49Wdeoh 5= Eldv/ Yduldqfh/ PVH/ dqg Vl}h ri w whvw xqghu DUPD+4/4,=+q/W,@+83/97,
 Hvwlpdwru Eldv PVH Yduldqfh 43( 8( 4(
QZ 071;456 56148;7 313334 315::3 3149;3 313883
TV+D, 071;367 5613:58 313334 315:33 314933 313863
TV+E, 071;36< 5613:;3 313334 3159<3 314953 313833
YDUKDF+D, 071:::: 551;83: 313576 3155:3 3145;3 313693
313 YDUKDF+E, 071:;68 551;;5; 313346 315493 3145<3 313593
SZ0QZ+D, 071;865 561899< 313467 317783 316683 314:93
SZ0QZ+E, 071;897 5618<9< 313456 317;63 3169;3 314<83
SZ0TV+D, 071;8;4 5619345 313333 317:53 316843 314;;3
SZ0TV+E, 071;89: 5618;:; 313333 317993 316763 314::3
QZ 051;;:: ;166;< 313333 315:<3 3148;3 313833
TV+D, 051;;56 ;163:; 313334 315943 3147<3 313673
TV+E, 051;;58 ;163;< 313333 315933 314833 313683
YDUKDF+D, 051;7;5 ;157;: 31469: 3154;3 314543 3134;3
317 YDUKDF+E, 051;9:7 ;155<< 3133:; 315553 314393 313563
SZ0QZ+D, 051<47; ;17<94 313334 317893 3166<3 3149:3
SZ0QZ+E, 051<494 ;18367 313333 317;93 316843 314;<3
SZ0TV+D, 051<479 ;17<7: 313333 317:83 316773 314:93
SZ0TV+E, 051<46: ;17;<; 313333 3179;3 316693 314993
QZ 031<95: 31<59< 313333 315<33 3149;3 3137:3
TV+D, 031<93; 31<565 313333 3157<3 314863 313743
TV+E, 031<93< 31<566 313333 315833 3148:3 313743
YDUKDF+D, 031<777 31<4;; 3135:3 315493 314573 313683
31; YDUKDF+E, 031<88; 31<475 313339 315463 314393 313593
SZ0QZ+D, 031<:4; 31<777 313333 317<43 316853 314:;3
SZ0QZ+E, 031<:54 31<783 313333 317843 3165<3 314;93
SZ0TV+D, 031<998 31<898 313556 317553 316463 314:33
SZ0TV+E, 031<:43 31<75< 313333 317483 316373 3149<3
Qrwh=
Wkh qxpehu ri vlpxodwlrqv lv 43331
Wkh vxpv ri frh!flhqwv ri DU dqg PD duh 31</ uhvshflwyho|
4:Wdeoh 6= Eldv/ Yduldqfh/ PVH/ dqg Vl}h ri w whvw xqghu DUPD+4/4,=+q/W,@+433/45;,
 Hvwlpdwru Eldv PVH Yduldqfh 43( 8( 4(
QZ 071;:66 561:7<5 313333 3157<3 314643 313753
TV+D, 071;:49 561:654 313333 315633 3145:3 313743
TV+E, 071;:4; 561:673 313333 315673 3145<3 313733
YDUKDF+D, 071;99< 5619;:9 31333: 315363 314443 313643
313 YDUKDF+E, 071;99; 5619;87 313333 315353 314363 313563
SZ0QZ+D, 071;;;6 561;<84 313333 317563 316583 314873
SZ0QZ+E, 071;;<6 561<37; 313333 317933 316763 314:93
SZ0TV+D, 071;;;3 561;<57 313333 3176;3 3164:3 3148;3
SZ0TV+E, 071;;:: 561;;<; 313333 317663 3163:3 314883
QZ 051<574 ;18837 313333 3156:3 314773 313773
TV+D, 051<55< ;18767 313333 315593 3145;3 313683
TV+E, 051<563 ;18773 313333 3155:3 3145:3 313693
YDUKDF+D, 051<539 ;185<< 313333 314<73 314383 3135;3
317 YDUKDF+E, 051<533 ;18598 313333 314<:3 314353 313573
SZ0QZ+D, 051<663 ;19358 313333 317763 316593 314983
SZ0QZ+E, 051<667 ;19384 313333 317833 316673 314:33
SZ0TV+D, 051<65; ;19344 313333 317533 3163;3 314853
SZ0TV+E, 051<659 ;19334 313333 317493 316373 3147;3
QZ 031<:7; 31<835 313333 315::3 3147:3 3136;3
TV+D, 031<:76 31<7<6 313333 315433 314493 313563
TV+E, 031<:76 31<7<6 313333 315443 314493 313573
YDUKDF+D, 031<:68 31<7:; 313333 314;83 313<:3 313443
31; YDUKDF+E, 031<:67 31<7:7 313333 3154;3 314343 313563
SZ0QZ+D, 031<::: 31<88< 313333 317:83 316863 314::3
SZ0QZ+E, 031<::; 31<895 313333 3177:3 3164;3 3148:3
SZ0TV+D, 031<::9 31<889 313333 3174;3 315;53 3146;3
SZ0TV+E, 031<::8 31<888 313333 3173;3 315:;3 314663
Qrwh=
Wkh qxpehu ri vlpxodwlrqv lv 43331
Wkh vxpv ri frh!flhqwv ri DU dqg PD duh 31</ uhvshflwyho|
4;Wdeoh 7= Eldv/ Yduldqfh/ PVH/ dqg Vl}h ri w whvw xqghu DUPD+5/5,=+q/W,@+58/65,
 Hvwlpdwru Eldv PVH Yduldqfh 43( 8( 4(
QZ 071;5:6 561637; 313348 3164<3 314:93 313883
TV+D, 071;3;9 5614583 31334< 315<83 3148:3 313743
TV+E, 071;3:6 561444; 313353 315<43 314893 313743
YDUKDF+D, 071835< 541:455 4176:7 315573 314553 313693
313 YDUKDF+E, 0719;53 5514338 314:<9 315793 3145;3 313763
SZ0QZ+D, 071<344 57137<< 3135<3 317973 316733 314853
SZ0QZ+E, 071<3;< 5714473 313499 317943 316763 314893
SZ0TV+D, 071;<7: 5713383 3137:4 3178;3 3165<3 314743
SZ0TV+E, 071;<83 561<<46 31365< 317843 316543 314753
QZ 051;<;: ;17363 313338 316393 314;93 3138;3
TV+D, 051;;8; ;165;: 313339 315::3 314:;3 3137:3
TV+E, 051;;87 ;16594 31333: 315::3 314:;3 313793
YDUKDF+D, 0519975 :1<<7< 31;<:; 3155<3 314663 3135<3
317 YDUKDF+E, 051;446 :1<:<8 313:98 315793 3146<3 3136<3
SZ0QZ+D, 051<795 ;19998 313374 3176:3 316643 314953
SZ0QZ+E, 051<773 ;19:<4 313453 317633 3164;3 3147<3
SZ0TV+D, 051<6;4 ;1975: 313438 317483 316443 314973
SZ0TV+E, 051<695 ;19687 31346< 317453 316383 314953
QZ 031<98; 31<65< 313333 316353 314;:3 313873
TV+D, 031<94< 31<587 313334 3157<3 314753 313833
TV+E, 031<94< 31<5865 313334 3157;3 314773 313833
YDUKDF+D, 031;3:5 4176:: 31:;9; 315343 314493 313733
31; YDUKDF+E, 031<6:4 31;;854 3133:5 3156:3 3145<3 313683
SZ0QZ+D, 031<;3< 31<967 313347 317643 3164:3 314:43
SZ0QZ+E, 031<;64 31<999 313334 317573 316353 3147<3
SZ0TV+D, 031<:<9 31<933 313337 316;83 315953 314633
SZ0TV+E, 031<:<6 31<8<8 313337 316;33 315953 314583
Qrwh=
Wkh qxpehu ri vlpxodwlrqv lv 43331
Wkh vxpv ri frh!flhqwv ri DU dqg PD duh 31</ uhvshflwyho|
4<Wdeoh 8= Eldv/ Yduldqfh/ PVH/ dqg Vl}h ri w whvw xqghu DUPD+5/5,=+q/W,@+83/97,
 Hvwlpdwru Eldv PVH Yduldqfh 43( 8( 4(
QZ 071<75; 571764< 313334 315;93 314:43 3138<3
TV+D, 071<678 57167<8 313334 315:73 314:53 313783
TV+E, 071<688 57168<9 313334 315:83 314:43 313793
YDUKDF+D, 071<358 5714357 3139;5 315733 3146;3 3135;3
313 YDUKDF+E, 071<468 571488< 313463 315583 3145<3 3135<3
SZ0QZ+D, 071<:<9 571;47< 3134;4 317743 316753 314;43
SZ0QZ+E, 071<;68 571;694 313345 317<53 3169<3 315383
SZ0TV+D, 071<;5< 571;5<; 313336 317;33 316983 314<<3
SZ0TV+E, 071<;58 571;586 313335 317;53 3168;3 314<53
QZ 051<98< ;1:<:3 313333 315;;3 314963 313833
TV+D, 051<93; ;1:998 313333 315933 314873 313783
TV+E, 051<946 ;1:9<6 313333 315953 3148:3 313753
YDUKDF+D, 051<685 ;19:5: 3138:7 315533 3145<3 313583
317 YDUKDF+E, 051<836 ;1:387 313344 315553 314553 313573
SZ0QZ+D, 051<;;8 ;1<678 31336: 317973 316853 314:<3
SZ0QZ+E, 051<;;6 ;1<68; 313388 317<43 316953 314<63
SZ0TV+D, 051<;78 ;1<6:9 313637 317;53 316843 314;93
SZ0TV+E, 051<;6< ;1<675 313637 317:93 316763 314:<3
QZ 031<;;: 31<::9 313333 315<33 314:93 3137;3
TV+D, 031<;:4 31<:77 313333 3158;3 314793 3137:3
TV+E, 031<;:5 31<:78 313333 3158:3 314793 3137:3
YDUKDF+D, 031<::8 31<979 3133<4 315553 314553 313693
31; YDUKDF+E, 031<;67 31<9:5 313334 3155;3 314443 313573
SZ0QZ+D, 031<<99 31<<65 313333 317;63 316963 314<63
SZ0QZ+E, 031<<:3 31<<6< 313333 317953 3166;3 314;43
SZ0TV+D, 031<<99 31<<64 313333 3177;3 316643 314:33
SZ0TV+E, 031<<97 31<<5; 313333 3176;3 3165;3 314943
Qrwh=
Wkh qxpehu ri vlpxodwlrqv lv 43331
Wkh vxpv ri frh!flhqwv ri DU dqg PD duh 31</ uhvshflwyho|
53Wdeoh 9= Eldv/ Yduldqfh/ PVH/ dqg Vl}h ri w whvw xqghu DUPD+5/5,=+q/W,@+433/45;,
 Hvwlpdwru Eldv PVH Yduldqfh 43( 8( 4(
QZ 071<<7: 571<7:6 313333 315753 3146;3 313763
TV+D, 071<<5< 571<5;9 313333 315583 314743 313743
TV+E, 071<<64 571<648 313333 315633 314753 313773
YDUKDF+D, 071<;<6 571;<64 313333 3153:3 3144<3 3135;3
313 YDUKDF+E, 071<;;; 571;;;8 313333 314<43 313<<3 313593
SZ0QZ+D, 08133;; 5813;:< 313333 3175<3 316473 3148;3
SZ0QZ+E, 08133<8 5813<84 313333 3179<3 3167:3 314;63
SZ0TV+D, 08133;9 5813;94 313333 317793 3165:3 3149<3
SZ0TV+E, 08133;8 5813;85 313333 317793 316553 3149:3
QZ 051<<9< ;1<;47 313333 3157;3 314753 313483
TV+D, 051<<8: ;1<:76 313333 3155<3 314593 313653
TV+E, 051<<8< ;1<:85 313333 3155;3 3145:3 313673
YDUKDF+D, 051<<65 ;1<8<6 313333 314<:3 314343 3135<3
317 YDUKDF+E, 051<<64 ;1<8;< 313333 314<73 3143;3 313583
SZ0QZ+D, 061337: <135;8 313337 317793 3164<3 314963
SZ0QZ+E, 0613389 <1366; 313333 3177;3 316563 314:43
SZ0TV+D, 0613384 <1363< 313333 3175<3 316443 3147:3
SZ0TV+E, 0613384 <13638 313333 3175:3 316453 314793
QZ 031<<<3 31<<;4 313333 315:33 314963 313763
TV+D, 031<<;9 31<<:5 313333 315683 3144<3 313553
TV+E, 031<<;9 31<<:6 313333 315673 314563 313553
YDUKDF+D, 031<<:: 31<<87 313333 314<:3 313<93 313463
31; YDUKDF+E, 031<<:: 31<<87 313333 315443 313<:3 313563
SZ0QZ+D, 041334; 413369 313333 317:53 316793 314:<3
SZ0QZ+E, 041334< 41336; 313333 317833 316553 314:53
SZ0TV+D, 041334: 413367 313333 317553 3163;3 314773
SZ0TV+E, 041334: 413367 313333 317533 316353 314753
Qrwh=
Wkh qxpehu ri vlpxodwlrqv lv 43331
Wkh vxpv ri frh!flhqwv ri DU dqg PD duh 31</ uhvshflwyho|
54Wdeoh := Eldv/ Yduldqfh/ PVH/ dqg Vl}h ri w whvw xqghu DUPD+7/7,=+q/W,@+58/65,
 Hvwlpdwru Eldv PVH Yduldqfh 43( 8( 4(
QZ 071;897 5618;8< 31333; 316563 314;73 313873
TV+D, 071;;75 56179:; 313343 315<<3 314933 313763
TV+E, 071;768 561793< 313343 315<:3 3148<3 3136;3
YDUKDFD, 0718959 5518<5< 41:::3 315743 314733 313763
313 YDUKDF+E, 071:;69 551<;:5 314375 315:73 314:83 313843
SZ0QZ+D, 071<375 5713:55 31353: 317853 3164<3 314643
SZ0QZ+E, 071<393 5713;<5 313536 317853 316593 3146<3
SZ0TV+D, 071;<97 5713494 313746 3176;3 316373 3145:3
SZ0TV+E, 071;<;4 5713367 31344< 317693 3163;3 314583
QZ 051<489 ;18344 313336 315<:3 314:53 313853
TV+D, 051<3:8 ;1786: 313336 315<53 314953 3137:3
TV+E, 051<3:5 ;17855 313336 315<33 3148;3 3137<3
YDUKDF+D, 051:793 ;16954 31;556 315853 3147:3 313793
317 YDUKDF+E, 051;:78 ;15<:9 313683 315::3 3149:3 313843
SZ0QZ+D, 051<745 ;19899 31338; 317543 315<:3 314633
SZ0QZ+E, 051<757 ;1998: 3133;5 317593 316393 3147:3
SZ0TV+D, 051<579 ;19833 313333 317433 315<:3 3146:3
SZ0TV+E, 051<6<< ;197<3 31338< 317473 315<63 314653
QZ 031<:47 31<76: 313333 315<93 314;33 313843
TV+D, 031<9<4 31<6<6 313333 315743 3146<3 313763
TV+E, 031<9<4 31<6<5 313333 315733 3146<3 313773
YDU+KDFD, 031;9<4 414:79 3174<9 315433 314583 3137;3
31; YDUKDF+E, 031<895 31<4;7 313373 315893 314873 313793
SZ0QZ+D, 031<;36 31<955 313345 317583 316343 314763
SZ0QZ+E, 031<;59 31<989 313333 316<73 315;33 313673
SZ0TV+D, 031<;37 31<947 313335 3169;3 3157<3 3144;3
SZ0TV+E, 031<;3; 31<954 313334 3169:3 3158:3 314543
Qrwh=
Wkh qxpehu ri vlpxodwlrqv lv 43331
Wkh vxpv ri frh!flhqwv ri DU dqg PD duh 31</ uhvshflwyho|
55Wdeoh ;= Eldv/ Yduldqfh/ PVH/ dqg Vl}h ri w whvw xqghu DUPD+7/7,=+q/W,@+83/97,
 Hvwlpdwru Eldv PVH Yduldqfh 43( 8( 4(
QZ 071<667 57166;< 313334 315<53 314953 3138;3
TV+D, 071<5:4 5715:96 313334 3159<3 3149<3 313783
TV+E, 071<5;9 5715<3; 313334 315:83 314:73 3137<3
YDUKDF+D, 071;<58 5718<5< 313:;4 315783 314773 3135:3
313 YDUKDF+E, 071<49: 5714:;4 31336< 315763 3145<3 313743
SZ0QZ+D, 071<935 5719487 313453 317833 316733 314:43
SZ0QZ+E, 071<974 5719757 313333 317793 316733 314<43
SZ0TV+D, 071<96< 571973: 313333 317853 316783 314<83
SZ0TV+E, 071<969 57196:8 313333 317773 316743 314;:3
QZ 051<935 ;1:95: 313333 315;73 314:;3 3137:3
TV+D, 051<898 ;1:73: 313333 315:43 3148;3 313743
TV+E, 051<8:4 ;1:778 313333 315::3 314953 313793
YDUKDF+D, 051<57: ;1:369 3147<< 3156<3 314693 313643
317 YDUKDF+E, 051<843 ;1:3;< 31333: 315763 3147:3 313663
SZ0QZ+D, 051<:99 ;1;949 313349 317833 316593 314;93
SZ0QZ+E, 051<:;6 ;1;:35 313334 317;73 316963 314;73
SZ0TV+D, 051<:;3 ;1;9;; 313334 317:63 3168;3 314;83
SZ0TV+E, 051<:;4 ;1;9<3 313333 317:43 316893 314:;3
QZ 031<;9; 31<:6: 313333 315<73 314:83 313773
TV+D, 031<;8: 31<:49 313333 3158;3 314893 3137;3
TV+E, 031<;8; 31<:4; 313333 315963 314883 313843
YDUKDF+D, 031<989 41336< 313:48 315593 314643 313733
31; YDUKDF+E, 031<;68 31<9:8 313334 315783 314543 3135<3
SZ0QZ+D, 031<<5; 31<;89 313333 317;53 316673 314:73
SZ0QZ+E, 031<<5; 31<;8: 313333 317893 3166:3 314:63
SZ0TV+D, 031<<59 31<;86 313333 317873 316643 3149<3
SZ0TV+E, 031<<58 31<;84 313333 3177<3 3165<3 314983
Qrwh=
Wkh qxpehu ri vlpxodwlrqv lv 43331
Wkh vxpv ri frh!flhqwv ri DU dqg PD duh 31</ uhvshflwyho|
56Wdeoh <= Eldv/ Yduldqfh/ PVH/ dqg Vl}h ri w whvw xqghu DUPD+7/7,=+q/W,@+433/45;,
 Hvwlpdwru Eldv PVH Yduldqfh 43( 8( 4(
QZ 071<:53 571:539 313333 315793 314683 313763
TV+D, 071<:36 571:368 313333 3157<3 314843 313673
TV+E, 071<:39 571:3:6 313333 315853 314863 313683
YDUKDF+D, 071<976 571984< 3133:8 3155:3 3145<3 313593
313 YDUKDF+E, 071<9:; 5719:;9 313333 3153:3 3143<3 3135:3
SZ0QZ+D, 071<;6: 571;6:4 313333 3174;3 316373 3147;3
SZ0QZ+E, 071<;73 571;793 313333 317873 316693 314<63
SZ0TV+D, 071<;69 571;69: 313333 3177;3 3165<3 314:93
SZ0TV+E, 071<;6: 571;6:4 313333 317853 3165;3 314::3
QZ 051<;65 ;1;<<8 313333 315863 314853 313783
TV+D, 051<;55 ;1;<68 313333 3156<3 314553 313673
TV+E, 051<;57 ;1;<7; 313333 315743 314553 313693
YDUKDF+D, 051<;36 ;1;;55 313333 3153;3 3143;3 313573
317 YDUKDF+E, 051<;36 ;1;;57 313333 3154:3 3144;3 3135:3
SZ0QZ+D, 051<<35 ;1<746 313333 317663 316443 314963
SZ0QZ+E, 051<<37 ;1<758 313333 3176<3 316483 314893
SZ0TV+D, 051<<35 ;1<745 313333 3175<3 3163<3 314833
SZ0TV+E, 051<<35 ;1<747 313333 3175<3 316433 314863
QZ 031<<77 31<;;< 313333 315;33 314833 313653
TV+D, 031<<74 31<;;6 313333 3156;3 3145:3 313533
TV+E, 031<<75 31<;;7 313333 315733 3145:3 313533
YDUKDF+D, 031<<67 31<;9; 313333 315343 314343 313453
31; YDUKDF+E, 031<<68 31<;:4 313333 315583 314473 313553
SZ0QZ+D, 031<<9; 31<<68 313333 317843 316783 314983
SZ0QZ+E, 031<<9; 31<<69 313333 317783 316593 314793
SZ0TV+D, 031<<9: 31<<68 313333 7673 316533 314733
SZ0TV+E, 031<<9: 31<<68 313333 317663 316553 314743
Qrwh=
Wkh qxpehu ri vlpxodwlrqv lv 43331
Wkh vxpv ri frh!flhqwv ri DU dqg PD duh 31</ uhvshflwyho|
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